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Abstract. The significantly increase in the number of vehicles have become a major problem, that cause enormous 
problems such as congestion, pollution, wastage of money and time. Therefore, the simulating and optimizing traffic 
control algorithms are needed to accommodate the demand in order to solve traffic congestion problems. Predicting 
effective and optimal green time taken for the intersections will help minimizing the traffic congestion henceforth 
reducing the waiting time. In this study, fuzzy logic is used to find optimal traffic waiting time. The method determines 
the effective and optimal traffic signal timing that suits different traffic densities. In this case, the study has considered a 
four-way intersection. The results indicate that different road intersections require different effective and optimal of green 
time to reduce traffic congestion. The higher the number of cars at the intersection, the effective green time will be longer 
rather than the lesser number of cars. The flexibility feature of the fuzzy logic will provide suitable optimal green time for 
the intersection, which is cordially benefit the users. It is worth mentioning that fuzzy logic traffic lights controller 
performed better than the fixed-time controller due to its flexibility and the capability in reducing the waiting time. 
INTRODUCTION 
Over the years, traffic congestion has become the main problem that has been faced by each country mainly due 
to rapid growth of population which in turn, increases the number of number of vehicles on the road. Hence, traffic 
control should be the main priority to ensure the safety of road users and overcome the delays, congestion and 
pollution [1]. Traffic congestions are generally caused with the increasing numbers of automobiles and 
urbanization[2]. Cities urban transportation problem is what we have to face in our daily life [3]. This is due to most 
of the traffic on the road are controlled by the traffic light control system to give better accommodation towards the 
increasing demand on the roads. Traffic light control plays a significant role in contributing to the reduction of 
traffic congestion. If the road users amend the rules, it might result to traffic congestion which is a massive problem 
on the road especially during rush hour. Traffic congestion contributes a complex problem situation. Drivers tend to 
experience driver-stress and road accidents due to a traffic jam. Driver-stress will burden the road users if they were 
being stuck in the same traffic jam every time they leave the house. Therefore, an efficient and effective traffic 
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management system is a necessity in order for the community to commute with ease. Widening the road may be one 
of the approaches that can solve the traffic congestion. However, the cost is too expensive, therefore making it not 
the best way to take action. Hence, as an alternative to reduce the traffic congestion in this study is by implementing 
the fuzzy logic approach by controlling the traffic signal system. 
Fuzzy logic is highly effective in representing the dynamic phenomenon by resemblance of the human intuition. 
In addition, fuzzy logic is capable in mimicking the intelligence of human in controlling traffic lights 4]. Fuzzy logic 
can be implemented by the same manner as a human though to solve problems. The beneficial of fuzzy logic  is 
ability to perform in the form of  linguistic rules to deal with human intuition [5]. Fuzzy logic is designed to model 
and enable solutions to real world problems [6]. The fuzzy logic theory has been implemented into various 
innovations which include subway trains, traffic controllers, vehicle, washing machine and even rice cooker. Hence, 
this method is useful technique in solving a wide range of industrial control and information processing. 
The rest of this paper is organised as follow, in section 2 the review of traffic congestion model has been done. 
The proposed model has been explain in systematic manner in section 3. Finally the conslusion and future research 
direction has been drawn in section 4.  
TRAFFIC CONGESTION MODEL 
By controlling the green light phase duration, it reduces the waiting time hence reducing the traffic congestion. 
The data is analyzed and simulated through MATLAB software for the result to find the solution to minimizing 
traffic congestion. The fuzzy logic method was implied to explain the membership functions and fuzzy inference 
rules used for the system in solving the traffic congestion. 
There are several basic definitions of fuzzy set based on [7]. The terms of the fuzzy set have been used 
throughout this paper. 
 
Definition 1: Fuzzy set 
A fuzzy set is an extension towards the classical set which the classical set only considers a limited number of 
degrees of membership such as 0 or 1. Meanwhile, the fuzzy set holds the concept of a broader discourse and 
considers an infinite number of degrees of membership. In short, the classical set can be considered as the subset of 
the fuzzy set.  
 
A fuzzy set A is defined as in Eq. 1;  
                                                                    ( ) Xx)x(,xA A =                                                 (1) 
 
where the membership function of A in  10,X:)x(A →  which the value is describing the degree of 
belongingness of Xx in A. 
 
Definition 2: Triangular fuzzy number 

































               (2) 
 
Fuzzy logic was introduced by Zadeh in 1965 and it help the user by presenting the knowledge in a well manner. 
Fuzzy logic is built based on the theory of fuzzy set.  The first model of fuzzy logic that has been applied to the 
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traffic controller for the single lane road was discovered by Pappis and Mamdani in early 1970 [8] , the 
implementation of the fuzzy logic has been widely used over the multiple junctions. There are three steps in the 
fuzzy logic system which are fuzzification, fuzzy inference process and defuzzification as describe in Figure 1.  
 
 
FIGURE 1. Overview of fuzzy system 
The first step is fuzzification. The fuzzification is the process of converting the crisp value into the fuzzy set. 
Hence it can be proceeded to be processed in by fuzzy inference mechanism. There are five membership functions 
for each input and four membership function for the output. 
 
To find the maximum value of optimal green time, it requires the addition of time from the current green time for 
each intersection. The extended duration of green time is necessary to minimize the traffic congestion that has 
occurred at the intersection. The optmal green time is calculate by Eq. (3) 
 











Optimal green time = timeextensionmaxtimegreencurrent +                                  (3) 
where the max extension time is in the following manner: 
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where n is the number departure of cars. 
 
The fuzzy inference process is based on the fuzzy rule-base. It is the base that consists of the combination of IF-
THEN rules with the input fuzzy sets to produce the output fuzzy set.  The IF-THEN rule statements are set up. The 
fuzzy rule is in the form of ‘If Ax and Bx , then Cz ’ which A, B and C is the fuzzy set.  The defuzzification is 
the process of converting the fuzzy set into the crisp value. Centre of gravity method has been used in this study. 
Particularly, the centre of gravity method is described in the following manner in Eq. 5:  
Input Output 




VeryShort VeryShort Zero 
Short Short Short 
Medium Medium Medium 
Large Large Large 














                                                            (5) 
where A is the output of aggregate conclusion. 
 
After completing the three steps of the fuzzy logic method, the output generated from MATLAB is compared to 
the manual calculation of the defuzzification method to find the accuracy of the fuzzy logic method.  
PROPOSED FUZZY LOGIC SYSTEM 
The data collected shows the number of vehicles stopping and departing at each intersection at the intersection of 
four. The data is collected constitutively during the rush hour where people are rushing to go to work in the morning 
and coming back from work in the evening. There are 10 cycles collected in each session.  
The number of vehicles stopped or queue (Q) is representing the number of queuing vehicle during the red-light 
phase. While, the number of the departure of the car (D) 
is denoted as the number of cars which able to pass the intersection during the green light phase. To find the optimal 
green time, the crisp inputs were transformed into the fuzzy inputs. The crisp inputs are the quantity of the queuing 
car and car departing that has been measured at the intersection. Each road intersection has different traffic volume. 
Hence, the maximum value of the membership function differs from one road to another. The input variables have 
been used is the triangular fuzzy number. Due to traffic congestion that has occurred at the intersection, an extended 
duration of green light time is necessary in order to solve the problem. The calculation to determine the maximum 
extension of green time for each intersection is based on Eq. (4).  
Thus, the maximum value of the optimal green time that is required to plot the membership function of the output 








FIGURE 2. (a) The membership function of queuing cars for Intersection 2 in morning session. (b) The membership function 
of departure cars or Intersection 2 in morning session 
 
The result in figure 2 (a) and (b) shows that the maximum duration of extension  is 65 seconds for Intersection 2 
morning session. Thus, the optimal green time is based on the addition of current green time and the maximum 
duration of extension of green time. Hence, the maximum value of the optimal green time for Intersection 2 session 
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1 is denoted in the range of [0, 225]. The different road intersections has different number of cars. Thus the 
maximum value for the plotting of the membership function for the optimal green light time is different from one 
another. 
The fuzzy logic inference mechanism resembles the human reasoning process. The IF-THEN rules work to 
represent humans intelligence in order to decide the optimal choice for the problem. there are 25 IF-THEN rule 
statements in order to determine the output of fuzzy variable. The rules are referred on [9] The basic operator to 
develop the IF-THEN statements are by using the AND operator.  
Figure 3 (a) and (b) indicates that, the optimal green time for difference number of queeing cars. There is a total 
of 133 cars queing while the total of cars that can be departed from the intersection is 131, the optimal green time is 
148s. This shows that medium optimal green time is required for the green light phase at that time in order to avoid 
the traffic congestion. On the other hand, when there are 183 cars in queuing state and the number of cars that can be 




FIGURE 3. The optimal green time 
 
FIGURE 4. The graph of the optimal green time 
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The result indicates that the extension time is flexible. The time will grow when the volume of cars increases at 
the queuing state so as to decrease the delay time of the car due to excess demand at the intersection. The result 
showed that the fuzzy logic method is similar to how human will think to solve the problems. The higher the number 
of cars queuing at the intersection, the time addition required will be longer rather than the fewer traffic density. 
This can be seen from Figure 4.  
CONCLUSION 
The fuzzy logic method that has been introduced in this study is capable of solving the traffic congestion and also 
reducing the waiting time at the intersection. The result summarized that the higher the number of queuing car, the 
optimal green time needed is longer compared to when the number of queuing car is smaller. The flexibility of the 
fuzzy logic that results in the flexible green time required for the intersection will greatly benefit the road user in 
terms of reducing their waiting time, avoiding traffic problems and reduce fuel consumption.  
The recommendation for the future studies are  the road sensors that count the exact number of the vehicles at the 
intersection can be built in order to get an accurate number of vehicles so that the required optimum and effective 
green time will be more precise for each of the road intersection. It is also recommend to compare with another 
forecasting method such as comparing Linear Programming and Fuzzy Neural Network method to predict optimal 
and green time to avoid traffic problems [10]-[13].  
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